The present paper investigates the role played by blocking high systems over Europe in abnormal weather over the Kingdom of Saudi Arabia (KSA) in summer 2010. The NCEP/NCAR Reanalysis data of several meteorological elements such as surface air temperature, wind, sea level pressure, relative humidity, outgoing long wave radiation, precipitation rate, and geopotential height at level 500 hpa) for summer seasons for the period 1948-2012 and in particular of summer 2010 have been used and analyzed through the present work. Furthermore, the corresponding daily and monthly mean values of climatic indices NAO index, SOI, and El-Nino3.4 have been analyzed. The results uncovered that air current in the upper atmosphere over Europe and NAO, SOI and El-Nino3.4 have impacts on the weather conditions over KSA through the study period 1948-2012. During the period of persistence of blocking system over Europe in summer 2010, results revealed that; weather in KSA was fully controlled by two abnormal weather regimes. The first one is the European blocking system and negative anomaly of NAO from the north. The second one is the positive anomaly of SOI and negative anomaly of El-Nino3.4.
Introduction
In summer 2010, the heat wave hit Kingdom of Saudi Arabia (KSA) in June, setting an unofficial all-time temperature record. In June Jeddah, the second largest city in Saudi Arabia, recorded the extremely highest temperature of 52 ∘ C on 22 June 2010 [1] . Several parts of KSA lie under abnormal weather conditions and heat waves during that summer season. Whereas, temperature in KSA became more than its normal value by 1.5 ∘ C. This temperature increase is more than twice the value of global warming temperature. Simultaneously, Europe was characterized by anomalously high temperatures due to a high-centered blocking over western Russia. The weather over Europe and Asia during July and August 2010 has been rather unusual [2, 3] . However, during that season, a blocking anticyclone over Europe dominated the weather pattern in Europe. During the blocking period, the position of the anticyclone favored a cold northerly airflow that ended the warm spell over Western Europe. At the same time, warm air from Africa reached Russia leading to a heat wave with temperatures rising to unprecedented levels. The weather over several countries in the northern hemisphere during the summer months, June, July, and August 2010, has been rather unusual [4] .
It is found that La Nina induced low-level easterly anomalies over South and Southeast Asia led to an enhancement of the moisture transport to the North Arabian Sea and Pakistan during the summer 2010 season [5, 6] . The summer temperatures in western Russia reached a record maximum since at least 1880 (National Oceanic and Atmospheric Administration) NOAA/National Climatic Data Center (2010) [7, 8] which even exceeded the extreme 2003 heat wave both in amplitude and spatial extent [9] . References [5, 9] study the roles of European blocking and tropical-extratropical interaction in the 2010 Pakistan flooding. They found that the interaction between the tropical monsoon surges and the extratropical disturbances downstream of the European blocking was the key factor leading to the severe flooding in Pakistan.
However, blocking, in general, denotes the effect of a synoptic system acting as a barrier to the westerly flow splitting the jet stream [10] . The formation, persistence, and 2 Advances in Meteorology the role played by blocking systems in abnormal weather and climate in the northern hemisphere challenged in several scientific literatures (e.g., [11] [12] [13] [14] [15] [16] [17] and recently [18] [19] [20] [21] .
During the last several decades some, studies have applied subjective blocking criteria based on surface and mid troposphere observations of typical blocking flow configurations. Following the traditional [22] criterion, a blocking event can be identified through a split-flow regime in the middle troposphere as a double jet detectable over more than 45 ∘ in longitude and persisting for more than 10 days. Since then, there have been modifications to the original [11] definition, demanding lower durations or extensions [23] as well as new restrictions on latitude location [24] to exclude semipermanent subtropical anticyclones. Recently, numerous criteria have been proposed in order to identify objectively atmospheric blocked flows. Most of them were based on zonal flow indices computed from meridional height gradients at the middle troposphere [25] [26] [27] [28] . Other methodologies detected blocking events as positive height anomalies at the midtropospheric flow persisting for several days [29] . Moreover, the behavior of the North Hemisphere blocking has been traditionally described in terms of frequency, duration, and favored occurrence regions. Some authors have reported that blocking occurrence may be affected by North Hemisphere large-scale patterns such as the North Atlantic Oscillation (NAO) (e.g., [30, 31] . The relationship between blocking and the El Niño-Southern Oscillation (ENSO), however, has been widely studied [32, 33] . Reference [21] studied the statistical relationships among the various 10 ∘ -70 ∘ E midlatitude blocking anticyclone parameters and the weather of the Arabian Peninsula over a 40-year period (1968-2007) on seasonal, interannual, decadal, and long-term scales. They found that the Arabian Peninsula surface weather during the months of October, November, and December is affected more by the occurrence of midlatitude blocking anticyclones in the presence of El-Nino phase. For heat waves, [34] , for the 2003 western European heat wave, found that human influences are estimated to have at least doubled the risk for such an extreme event. Other boundary forcing also contributed to the 2003 European heat wave including anomalous sea surface temperatures (SSTs) [35] . Reference [36] studied the 2010 Northern Hemisphere summer to explore whether early warning could have been provided through knowledge of natural and human-caused climate forcing. They used model simulations and observational data to determine the impact of observed sea surface temperatures (SSTs), sea ice conditions, and greenhouse gas concentrations. They found that analysis of forced model simulations indicates that neither human influences nor other slowly evolving ocean boundary conditions contributed substantially to the magnitude of this heat wave. Analysis of observations indicates that this heat wave was mainly due to internal atmospheric dynamical processes that produced and maintained a strong and longlived blocking event, and that a similar atmospheric pattern has occurred with prior heat waves in this region. They concluded that the intense 2010 Russian heat wave was mainly due to natural internal atmospheric variability.
In the summer of 2010, blocking highs over Europe significantly influenced climate events over large portions of the Northern Hemisphere. The 2010 summer heat wave over western Russia was extraordinary, as the region experienced the warmest July (2010) since at least 1880, and numerous locations set all-time maximum temperature records. The heat waves in Russia that summer were extensively covered by the media in Europe and North America. Some scientists, associated with the IPCC 2007 Climate Change Documents [37] , suggested that such heat waves were the result of the warming of the earth's climate due to human-added CO 2 . Heat waves could become more frequent in future [35] . This current condition in global mean surface temperature is thus consistent with prior conclusions of the IPCC Fourth Assessment Report that "warming of the climate system is unequivocal as is now evident from observations of increases in global average air and ocean temperatures, widespread melting of snow and ice, and rising global average sea level. " The IPCC synthesis report goes on to state that "most of the observed increase in global average temperatures since the mid-20th century is very likely due to the observed increase in anthropogenic greenhouse gas concentrations. " [20] has found that there is an outstanding climatic extreme record of SOI during July of summer 2010. In addition to that, there is a strong correlation between SOI and existing of wide extreme blocking over Europe through that season. In the present work, development and oscillation of the block over Europe each 10 days through the summer season of 2010 have been studied. An anomaly in geopotential height at a level of 500 hpa over Europe has been used to follow this block. As mentioned above, there are several criteria of blocking indexing.
This paper has four objectives. (i) To obtain the relationship between anomalies in geopotential height over Europe and abnormal weather over KSA through the period 1948-2012 of summer seasons. (ii) To obtain the effects of climatic indices (NAO, SOI, and El Nino3.4) on abnormal water over KSA summer seasons during the period 1948-2012. (iii) To uncover the role of blocking episode that persisted over Europe on the abnormal weather over KSA in summer 2010. (iv) In addition to that, the effects of climatic indices of weather over KSA through that summer season.
Data and Methodology

Data.
The NCEP/NCAR Reanalysis project is using a state-of-the-art analysis/forecast system to perform data assimilation, within resolution of 2.5 × 2.5 degree lat/lon grid, using past data from 1948 to 2012. Data on the daily, monthly mean, and monthly time series of several meteorological elements surface air temperature, wind, sea level pressure, relative humidity, outgoing long wave radiation, precipitation rate, and geopotential height at level 500 hpa, and so forth over Kingdom of Saudi Arabia (KSA) for the summer seasons (months of June, July and August) have been obtained for the period 1948-2012 from the website http://www.esrl.noaa.gov/. The data have been provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, and [38] . Furthermore, the corresponding daily and monthly mean values of NAO index, SOI, and El-Nino3. 4 
Anomalies Methodology.
The anomaly in the mean meteorological element, for example, surface air temperature (daily, weekly, and seasonal or annual) is ( ) for each grid point in the domain of study through the period of study 1948-2012 or any other selected period through the present work. This anomaly is calculated as the difference of the mean of (daily, weekly, and seasonal or annual) surface air temperature ( ) and its climatic mean value (̇) for each grid point, whereas the climatic mean values for the surface air temperature have been taken through the period 1981-2010.
Local Significance and Calculation of Correlation Patterns.
For given monthly and summer seasons resolved means of meteorological elements, for example, geopotential height at 500 hpa level at each grid point is correlated with the climatic index (NAO, SOI, and El Nino3.4). Each grid point correlation is t-tested for local significance using [41] allowing for temporal autocorrelation according to [42] method. For field significance, the areal extent of locally significant correlations in a correlation map must exceed the areal extent that can be expected by chance. To estimate the correlation, we use the Monte-Carlo methodology. The fieldsignificance statistic is the area-weighted average absolute correlation of a given correlation map (considering only the locally significant correlations). The field-significance threshold is the 95th percentile of a 1000-member MonteCarlo population. [43] has been used. (1) There is a very weak correlation arranged (−0.2 and +0.1) between geopotential height over KSA and NAO through the period of study, see Figure 3 (a). Meanwhile, it is found that there is a relatively significant negative correlation coefficient (−0.4) between the surface air temperature over KSA and NAO, see 
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Blocking System over Europe in Summer 2010
. Through the present work, the synoptic and numeric criteria of the formation of blocking systems over, Northern Hemisphere according to [11, 22, 44] had been used to identify and to follow the daily persistence of the blocking systems. These criteria have basic conditions like the westerly air current a loft must split into two distinct branches, this splitting must be Northern latitude of 30 ∘ N, the anomalies in geopotential height values at 500 hpa must be more than +100 m for blocking high pressure system, and these conditions must persist 10 days or more. Applying this criteria in the present study, analysis of a 10-day anomaly composite mean of geopotential height at level 500 hpa over Europe revealed that Europe lies under the influence of blocking system all the 92 days during the period of study (92 days of summer season 2010). This block oscillated over Europe and became more dominant over Eastern Europe almost of the persistence days However, this blocking system developed over western Russia. This blocking episode over the Northern Hemisphere and mainly over Russia persisted all the summer season of year 2010. There exist positive anomalies more than +100 m in geopotential height over Europe through that season. This block episode oscillates over Europe through its duration time and persisted over Russia. Anomaly in geopotential height varies from June to August. The maximum anomaly of +220 m existed in August. Meanwhile, the minimum positive anomaly occurred in the initiation and dissipation days of this blocking episode, as illustrated in Figure 6 (from 6(a) to 6(i)) that shows a 10 day composite anomaly in geopotential height field at level 500 hpa over Europe during summer 2010. It appears that there is a unique summer geopotential height distribution over Europe in summer season 2010, see Figure 6 (j).
The Role Played by Blocking System over Europe and
Abnormal Weather over KSA in Summer 2010. From the above mentioned study, weather over Europe became under full control of blocking system through summer seasons, whereas the existing of a blocking episode must be accompanied with abnormal weather. Analysis of anomaly in geopotential height at 500 hpa level indicates the occurrence of the blocking episode. The relationship between the anomaly in geopotential height at 500 hpa level over Europe in summer 2010 and abnormal weather over KSA through that season has been studied. For the purpose of this study, weekly mean of data over Europe and KSA during the period 1 June-30 August of summer 2010 have been analyzed using anomaly method and linear correlation coefficient technique. The results revealed that, there is positive anomaly in geopotential height over Europe and KSA through the period of study, although the trend is on opposite sides. The slope of these two trends is not sharp see Figure 7 (a). The variability of surface air temperature over KSA is matched to the geopotential height at 500 wpa level over Europe, whereas there is a positive typical trend for them through the study period as shown in Figure 7 (b). There is contradicting relationship variability between geopotential height over Europe and the mean sea level pressure over KSA; the trends are completely in the opposite direction, as is clear in Figure 7 (c). The response of surface wind variability over KSA is not clear to the variability of geopotential height over Europe through this blocking system see Figure 7 (d). The surface zonal wind over KSA is completely westerly and affected by geopotential height over Europe through the period of study as shown in Figure 7 (e). Surface meridional wind has a dramatic variability between north and south and contradicting with the geopotential height variability over Europe, as shown in Figure 7 (f). For outgoing long wave radiation over KSA, it is clear that it is oscillating sharply between positive and negative anomalies through the study period with a positive trend, and its relation with geopotential height variability over Europe is not clear as shown in Figure 7 (g). Precipitation rate has a positive trend through the study period and its variation is opposite to the geopotential height variation over Europe through this block episode, see Figure 7 (h). Surface relative humidity over KSA has a sharp positive trend and has varied weakly contradicting to the geopotential height over Europe through the study period, as shown in Figure 7 (i). It is clear that anomaly in stream function over KSA has a negative trend and is affected reversely by the geopotential height over Europe, as it is clear in Figure 7 (j). trend through the study period, see Figure 8 (a). Surface air temperature has a positive trend against the negative NAO trend, see Figure 8 (b). There is a negative trend of mean sea level pressure mentioned with NAO index trend, as shown in Figure 8(c) . Approximately, the wind speed varies very slowly through the time period of the block episode with fixed trend, see Figure 8 (d). Also, the surface zonal wind varies with little positive trend; meanwhile, NAO has a negative one as shown in Figure 8 (e). Meridional wind over KSA varies with opposite direction trend with NAO through the study period as it is clear in Figure 8 (f). The outgoing long wave radiation over KSA varies completely contradicting NAO values. Figure 8(g) shows it clearly. Trends of precipitation rate and surface relative humidity had an opposite direction rather than that of NAO through the study period, see Figures (8(h) , and 8(i)). Stream function over KSA varies, completely influenced by NAO through that period. The result of correlation coefficient analysis between the above mentioned meteorological elements and NAO shows that there only exists a significant negative correlation coefficient [−0.63 and −0.66] between the outgoing long wave radiation and precipitation rate over KSA and NAO, respectively. studied. The time series analysis of weekly data of weather elements over KSA and SOI was analyzed using anomaly methodology. The results uncovered that for most of the period of summer 2010, SOI has a positive anomaly value and has an outstanding positive trend. Geopotential height at level 500 hpa over KSA has a negative trend through the study period, see Figure 9 (a). The surface air temperature over KSA and SOI has the same positive trend, as it is clear in Figure 9 (b). There is a negative trend of mean sea level pressure mentioned with opposite trend of SOI, as it is clear in Figure 9(c) . Approximately, the surface wind speed is nearly constant through the time period of the block episode with the fixed trend without a clear variation with SOI see Figure 9 (d). Meanwhile, the surface zonal and meridional wind varies with a positive trend and as the same trend of SOI, see Figures (9(e) and 9(f)). For the outgoing long wave radiation over KSA it is clear that it varies follow completely the SOI variation. Figure 9 (g) shows it clearly. Trends of precipitation rate and surface relative humidity had the same positive direction with SOI trend through the study period, see Figures (9(h), and 9(i)). The stream function varies completely following the variation of ElNino3.4 with the same negative trend as shown in Figure 9 (j). The result of correlation coefficient analysis between the above mentioned meteorological elements and SOI revealed that there is only a significant positive correlation coefficient [+0.38, +0.39, +0.33 and +0.45] between the surface wind speed, outgoing long wave radiation, precipitation rate, and relative humidity over KSA and SOI, respectively. 
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Discussion and Conclusion
The above mentioned studies concerned with the variability of geopotential height anomaly at level 500 hpa over Europe, 2010. The following is clear from the above mentioned studies.
(1) There is a positive trend of geopotential height anomalies at 500 hpa for June, July, August months and sum mer season over Europe. Also, a significant increase of geopotential height values after 2000 has been noticed for June, July, August and summer season through the period 1948-2012. (2) There is a positive trend of weather elements over KSA (surface air temperature, geopotential height, zonal momentum flux at the surface, sea level pressure, and outgoing radiation) during June, July, August months, and summer seasons of the period of study 1948-2012. This trend is completely mentioned as the geopotential height trends that existed over Europe through that period. Meanwhile, there is negative trend of weather delements (meridional momentum flux at the surface, relative humidity, and precipitation rate) over KSA. In addition to that, surface air temperature over KSA increase gradually through the period 1948-2012 and became above its normal values for June, July, August months, and summer season from 1995 till 2012. In the same manner, geopotential height increased sharply from 1948 to 2012 and became more than its normal values after 1996 for June, July, and summer season. 
